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ABSTRACT

This report describes a study into synchronization 1,)blems of

various spread spectrum waveforns for direct mode, mult L,,Ie access

systems. Particular attention s paid to user mutual .. iterference and

how this interference influences the choice of the wa i.. orm. Computer

generated cross-correlation properties of the 18 bas.4c: 127 chip

m-sequences are given in simulating a pure code divi. ion system.

The basic pseudo-noise sequence is implemented by acoustic surface

wave matched filters. The performance of these matched filters under

various interference conditions (including r,,ultipath) is given.
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1 I1%TRODbLTIuN

In stuiying the multiple access probleir, one of the main objectives

of the modulation method is to minimize the ireraction Uetueen users.

In addition, some form of anti-jam must be maintained, anti it is

desirable to provide fast transmitte-.-receiver syncnronization. If

one requires the waveform to perforn additional fAuctions, tue modula-

tion becomes extremely complex. It is jenerally acceptcr. that these

requirements uictate a w-aeband or spread spectrum system0;.

The four major moclulation techniques applicable are frequency Livision

multiple access (FDAA), pseudo-ne'se multiplc access .(P1,.A), tire Civisiuin

multiple access (TUMA) and pulse-address multiple access (PAIA). I ccause

of tbe4 r inherently resistant nature, pseudo-noise techniques are usually

utilized in hybrid combination with the others. Carrier separaLility

for each of the techniques is denoted in '1t L.

In a previous report, the author introduced the idea of utilizinE

acoustic surface wave multiple tap delay lines to 1eoerate ana correlate

pseudo-noise sequences for application to s"icimrornizat,-n prear.bles fur

wideband waveforMs. 2  The synchronization pi.amble hau bLeen oiscusse"

in regaru to a uiueband, multi-function system3 anG is il?..ustrated in

Fi&ure 1.

This report ueals with auditional experir, ntatior in tE,*:s area,

particularly with the nperation of acoustic surfi.ce wave matchcu

filters in a multiple access system wiiich contains ovily direct

transmissions %itnout the use of satellite repeaters. This mode

of operation increases user mutual interference which cniuvnces the

1
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importance of the "near-far" problem. That is, tVe interference problem

is of more concern tharn that of low detectability.

I1 bASICS OF SPREAI SPECTRUM

Spreau spectrum techniques are baseG upon coherent processing of

tne information of the received signal ant incoherent processing of

the noise. The information is spread into a channel bandicith much

wiaer than the bandwiuth needed to pass the information, and trpnsmitted.

If the receiver is synchronized with the transmitter anuc matci,eu to the

coding, the information can be collapsed to its oribinal state and

recovered, while the noise- is spread.

Following Braverman, 4 we can present an illustration of ILow spread

spectrum can provide a 'processing gain' for the information over tae

noise.

*et s(t) be a narrow-band information bearing signal with average

power S watts anu bandwiuth hshertz. Consider a unit amplitude, uinary,

wide-band coding signal c(t) of beadiiidth ihcLertz which is useu to en~cooe

s(t). If W >chs, the codea signal c(t)s(t) occupies a bandwidthc s

approximately Wc" Ii the noise n(t) has avarage power N in the

transmission ban" W., then tie received qipnal is

c (t)s (t) +n (t) (1)

The input signal-to-noise at the receiver is

(s/N = (2)

The received signal is multiplL'ed by a properly synchronized replica

of the binary code c(t) to give a uecoded signal

c(t) (C(t)sCt)+n(t)) s(t)+C(t)lk(t) (3)

41
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If n(t) ana c(t) are uncorrelateci, power in c(t)n(t) will be spread

almost uniformly throughout at least a bandwidth cf Vv Since s(t)
c

is confined to a Lancwidth Ws, passing the decodeu signal, (3),

through a narrow band filter of bandwidth WS, we get
S s(t)÷41 (t) (4)

wnere 7(t) is the porcion of c(t)n(t) which occupies iw-. iierefore,

the noise power at the output of the filter is about N (Ws/hc), ano

the signal to noise ratio at this point is

(SN )out = S' ( c

= S14c/Ns

If we then defiine the processing gain Ly

PG = 10 log10 (/N)out'(/N in (6)

we get

PG = 10 logl 0 ISe/hs (7)

Lquation (7) illustrates the basic principle of spread spectrum--the

percentage of noise power rejected is prorortional to the ratio of the

banuwiuths.jTaere are two important points to Le derived from the above illustra-

tion. These are that there must be synchronization between transmitter

an( receiver, and tne coding waveform and the noise must be uncorrelated.

As Lsravera'an4 notes, t•,is reduces the design of a spread spectrum system

to tne specification of a synchronization procedure and the specification

of a secure wideband spread spectrum code,

IF5



lit Pz.;LbiJO-:aISL SYNWi PREAl"IBLLS

1. General Remarks

The use of maximal lengtn binary sequences to provide the
2

preamble cocuing nas ueen discussed. It was noted that correlation

properties produced by a matched filter detector differ from those

jroduced by an active correlator whose integration time corresponds

to the length of the maximal Length sequence. In essence, the Pmatched

filter detecto." produces correlation sidelobes not encountered with

correlation detection. &ecause of their well-known generating procedure

aild correlation properties, L:a~ximal length binary sequences were con-

si•ered tne most suitable starting point for these investigations.

(braverman4 has ;.onsidered composite codes constructed by combining

maximal length sequences of various periods.)

The use of nmatched filters to synchronize a multiple access

systen, requires preambles with good characteristics from two viewpoints. 2

Liscrimination of a desiL'ed signal from unwanted signals depends on the

cross-correlation properties of the preamble sequences used, i.e., the

product of one sequence against a second sequence. The exact resolution

of synch (epoch time) aepends on the auto-correlation properties of the

sequences, i.e., the product of a sequence against a time shifted version

of itself.

A computer was used to test the cross-correlation properties

of the Uasic eighteen ni-sequences of length 127. The results are

sur-marizea in Tables 2-11. Tie 127 chip n.i-equence was considered

a candia"Le zo0 syncn preambles qince, from the 18 basic coues, one

can Lenerate 22P6 different structures. It has also been thought

6



that the use of PN sequences can nielp reduce the effects of nultiljatia

This area was also studied using a multipath simulator.

2. Cross-Correlation Lffects

lable 2 presents a listing of the 18 sequences (represented

by their generator polynomials) and an inuex, -denoted F1 , wiich is

used to i',dicate which of the sequences is being correlated against

thr, others. That is, Fs denotes the reference sequence. The index

Lg indicates whica sequence is being correlate" against the reference.

The sequew-e denoted by a particular hg chanses each time F 1 changes.

Thus, F1 = 0, Lg = 1 indicates the sequence 1000001 is being correlated

against the reference 0000011. hhereas, F1 = 8, Lg = 1, denotes the

sequence 1100101 is being correlated against the reference 0100111.

Also indLcated in Table 2 is the burst auto-correlation peak to

maximum sicelobe ratio.

Tables 3-11 list the maximum peak for the particular cross-

correlation and the position of the peak. Tne correlation was performed

only orer the first 127 positions so that one ray assiane there would be

another peak equally spaced beyond the 127th position.

Une can note that all peaks are very large and the vast majority

are -auch larger than the maximum auto-correlation sidelobe. In fact in

some cases, the peak is 1/3 the size of the auto-correlation peak.

In order to see what tis means from an operational poii~t of

view, a cro!,s-correlation experiment was conducted witi acoustic su, i-Ivave multiple-tap delay lines. The devices were codeo to generate and

coTrelate a 31 chip m-sequence with a 10 1i4Hz PIN rate. Of the four devices

available, there were two sets of generator and matcneu filter. One set

7



Table 7. Listing of the Sequences

Initial Londctions. U000001

Fl Polynomial P/S

0 0000011 127.9

1 1000001 127.11

52 001001 127:12

3 0010001 127:12

4 0001111 127:11

5 0111091 127.12

6 00101 127:12

7 0111001 127:11

8 0100111 127:12

9 1100101 127:11
10 0101011 127:12

11 1010101 127:12
S12 0111111 127:12

,13 1111101 127 :12

14 1001011 127.121

is 1010011 127:111

16 1101111 127:12

17 1110111 127•11

(F+ 1) _ Lg - (17-PI)

8



Table 3. Cross-Correlation Peaks for F1 0

L Max Peak Position

1 25 69

2 22 92

" 20 94,114

4 25 101

5 29 97

u 30 94

718 i60,10,106

8 20 114

25 99

10 22 114

11 24 116

12 27 103

13 29 73

14 22 116,110

15 22 100

25 115

17 20 90

9



Table 4. Cross-Correlation Peaks for F1 * 1

L& !ax Peak; Position

1 21 97

2 21 83

3 23 101,127

4 20 106

22 118

S 20 64

7 23 101

S 19 101,99

9 40 120

10 26 108

11 34 108

12 22 114,110

13 22 118,116,90

14 25 125

15 22 78

16 28 104

10



ITable S. Cross-Correlation Peaks for F 1 2

Eg Max Peak Position

1 22 110

2 22 76

3 27 9-1

4 20 120,80,72

5 34 b8

I 19 120,106

7 23

8 20 106,7o

9 21 109

10 16 124,10G,92

11 24 124

12 25 121,91

13 24 106

I 14 22 64

15 27 57



Table 6. Cross-Correlation Peaks for FI 3

M Max Peak Position

1 26 40

2 20 74

3 35 87

4 22 108

5 34 94

6 23 87

7 21 111

8 19 87

9 42 108

10 19 109,43

11 20 116,90

12 24 i08

13 26 100

14 21 111,77

12



Table 7. Cross.Correlation Peaks for P1 4

g C C lax Peak Position

251111

2 21 99

3 20 108

4 25 73

5 35 !13

6 23 107

7 21 97

8 23 115

9 25 121,99

10 25 125

11 23 95

12 24 63

13 21 95

13



Table 8. Cross-Correlation Peaks for F * S.3

ig Max Peak Position

1 20 52

2 22 74

3 26 54

4 2? 114

5 21 117,111

6 21 109,93

7 27 111

8 21 95

9 20 118

10 27 83

11 39 117

12 23 91

Lg Max Peak Position

1 22 72

2 18 72,74,104,122

3 25 91

4 18 122

5 22 96

6 22 44

7 18 94,56

6 22 114

9 26 76

10 24 116

11 34 90

14



TaeJA 9. Cross-Correlation Pe,•ks for F - 7,8

11

Lg Max Pr~ak Position

1 .0 106

2 21 89

3 24 114

4 30 4

5 20 98

b 18 102

7 24 126

21 95

9 2 6

10 21 103,97

Lq Max Peal. Position

1 23 105,75

18 98

3 20 116,94

4 20 110

5 20 118

b 22 i16

7 19 59

6 21 113

9 25 83

is



Table 10. Cross-CoMelation Peaks for F - 9,10,11

gax Peak Position
23 107

2 29 101

3 25 103

4 19 91

5 20 118,102

6 21 65

7 27 81

8 22 68

F1 =10

Lg ! iax Peak Position
1 23 67

2 18 88,74

3 23 117

4 33 91

5 19 75

6 29 83

7 21 57

F1 = 11

Lg Nax Peak Position
1 26 108

2 21 109

3 22 118,56

4 23 127

5 25 77

6 22 50

16



Table 11. Cross-Correlation Peaks for F1 12,13,14,15,16

FI = 12

Eg .14ax Peak Position
1 25 95

2 31 103

3 19 123,121,109

4 23 105

5 28 9o

S'l = 13

Lg Max Peak Position
1 21 101

2 24 58

3 24 108

4 21 105

F1 = 14

Lg Max Peak Pocition
1 28 S4

2 21 85

3 18 112

F = 15

Lg Max Peak Position
1 21 75

2 2b 92

F =1

g 6Max Peak Position
1 22 78

17



operateu at 70 r,•iz ait the otner at 100 ,IIz. Figure 2 is a photograph

of tue 70 4.iz uevice, ant Figure 3 shows the sequence and auto-correlation

pattern. ijescription of the devices and their operation is given in a

previous r•port. L

In order to perform a cross-correlation experiment the 100 hhz

anu 70 112,z correlators were used. Since these devices contained identical

tap phase coding, the experiment performed involved cross-correlatijig a

sequence uith its time inverse. The 100 Mhtz aevice was used to generate

the sequence. Its frequency was mlixed uown to 70 Miz. Figure 4 shows

tae tie 'retical and experimental results. The predicted maxirmau cross-

correlation peak is 1i units nigh compared to 5 for the maximum auto-

correlation sidelobe. Figure 5 shows the operation of the 70 41z

correlator with the presence of both its matched sequence and inverse.

Lon•arison of Figures 4 and 5 shows that the output of the surface wave

nratchea filter is the sum of its responses to each sequence present.

Te above result is very important, especially when considering

'a vure pseudo-noise or code division multiple access system. Tables 3-

11 snowed that cross-correlation can result in very high spurious peaks.

It is conceivable that a jarticular receiver may be inundated with

several simultaneous or slightly aelayea transmissions from within

the system. Dopending upon range Lifferences, Figure 5 shows that

cross-correlation may produce missed synchronizations or at least

seriously uegrade the signal-to-noise ratio. This only acids to the

serinusness of the "near-far problem" in a uirect mode multiple

access concept. It further points out that some form of disciilmination

against tha• sidelobes must be perfonned.

18
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Reproduced fromb.est available copy

Figure 2. 70 MHz Surface Wave Device
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Figure 3. Sequence and Auto-Correlation Pattern
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3. ,;ulti-Path Lffects

In stuuyink the effects of multi-path, a simulator was utilizeu

..hicn •,roviaeu control of delay and frequency selective fading rate.

because a rapiu frame cnanging catera was not available, photographs

were taken at specific times uuring repetitive transmissions of the

sequence for varticular path delay uifferences. The path Celay

Lifference was changeu in steps equal to a chip period.

Figure 6 eresents a thouretical plot of a two path propagation

;.iti 0.4 usec.or 4 chip period uelay. "Ilie correlation peak for zero

"belay (i.e., the first correlation peak observw.d) has decreased by one

aniplituca unit wnile the L,,axinmu= sidelobe Ias increased three units

anu snifteu iosition. Thus tlie wmaximum obtainable voltage processing

,ain nas Lecreaseu from about 15.8 ca to 11.5 uji.

Figure 7 p~resents actual photographs of the two path propagation

for various uelays. As tne .elay increases from zero to, 0.9 uscc one

cai, note the appearance of the second correlation peak and the decrease

in peaK anplitude. Figure 6 is an expanued view of the 0.9 usec path

difference.

Lomiparison of Figure 0 and the 0.4 usec path difference photo-

, 6raph iii Figure 7 shows sinilar sidelobe structures. hiowever, the peaks

are iot resolved and tneir amplitudes are unequal. Tais can be attributed

to the inuuctive watching of the surface wave devices, which has caused

uand limiting. T'e spreading of the peak'i uue to band limiting is seen

more clearly in Figure b. Although there is a reduction in correlation

peak ar,,plitude due to the multipath, the use of a PN sequence does

allow rejection of arrivals delayed by more than one cnip.

Ii 23
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' I Reproduced .from
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Figure 7. Multipath Experiments
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Figure 8. Expanded View of 0.9 usec Delay

1 1/4 min Into Transmission

A to B: O.9 pseo
C to D- 1.6psee
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i
4. Conclusion

From the point of view of resolving synch, it must be noted

that the binary sequence provides auto-z-orrelation properties sufficient

to reject multipath uelays larger than one chip. From this point of view

tsien, a pseudo-noise binary sequence provides desired performance.

From the point of view of discriminating a desirea signal from

unwanted sitnals, the cross-correlation effects observed and computed

are riot very encouraging for a pure code division system. The possibility

of cross-correlation sidelobes from 5 to 9 dB below the auto-correlation

peak uoes not make for a bright picture when one considers that

operation may be required for near-far user ratios of 80 to 100 db.

It is obvious that some additional system government must be added

to reduce the severity of these interferences while maintaining

discrimination against multipath.

The use of TDNA in combination with the pseudo-noise presents

desirable characteristics and has been proposed for multiple access

systems using satellite repeaters.8

IV SPLCIFICATION OF A SYNChRONIZATION PROCLDURL AND A CODE

1. General Remarks

As noted by Lahn, et. al.3 a possible usable wavefori for a

direct mode, multiple access system is a hybrid combination of

frequency hopping, time hopping and binary pseudo-noise. The system

woula be time coordinated., Thus, there would be rough timing informa-

tion between transmitter anu receiver, and the synchronization procedure

could erovide iiighly accurate ranging data in addition to lock-up.

27



Tile suggesteo synch kroceuure, anu tihc one conicencG with ih

tziis report, is to transmit a short header or Freawble at tite betinning

of each Liessage frame, as il.lustrateu in Fibure 1. Since i.e are

zoncernea uith Lultiple access situation, the ,rcajjiLle %,ould 1c

coue" anu rerfonr, ,art of tile auoressing function.

hN tshe systen, each user kould- ue assitneu a tiwe slot for

traiisitission within the ;iajor time fram.e of te syste sl. I cotination

'•x.frequency c•ivisioi,. each• tii.e slot touL.( Lie occupiee Uy' a j.tw,.ber

cf users, each at a uifferent frequency. i~hen pseudo-noise is i-cluuc.

couinh, also erovi~es user separability. In a tii-,r- iop, frequency ioij

system,, the slot position ainc frequency are i.so.udo-ranuoi,,ly jeri,.Uutu.

SSuch a system minimizes the effects of strong neariby ei,,itters.

In taie system, each transmitter is assi~neu a tinc ;lot uut

no frequency. Lach receiver is assigned a frequency nop;,,in6 ,iattern

but no time slot. Referring to Figure 1, tCe frequeticy nops ucti-xe;,

tibie frames. T'le frequency hop pattern and prearblc coue act as tile

receiver's address.

2. A;•vautages of frequency 'ivision

To show iiow the addition of a frequency sei aration can proviuc

a vast improvement in the synchronizationi procedure as corpareu to

pure coding, the experilient illustrated in Figure 5 tas rrreun., iioever,

in this case the frequency of the inverse sequence was kchpt at 100 ljiz.

The equal strength, sequences ivere combiniea anu tae uSil I.,as FPrlied to

ooth correlators. The results are shown in Figure I.. ,eitiier sequence

ias interferrea with the correlation process of t;.e otn.r's,. iiatc.ieu

filter. In fact, if the same sequence at tNo uifferent f reqiencies

28
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is suwmd and impressed on the rsatched filter, no degradation in the

peak-to-sidelobe ratio is encountered. This result is shown in Figure

10. The situation depicted in Figures 9 and 10 rgay be interpreted as

that of two users transmitting to two receivers :L.. that the two

synch preambles arrive at each receiver with equal strength. Tlhe

performance of the acoustic surface wave matched filters and the code

is highly successful.

IT•, desirability of frequency division can also be seen

when one attempts to interfere with signal reception. Figure 11

shows the result of adding 70 Aiz Gaussian noise to the 70 '.hz sequence.

A diode detector has used.for this picture. It can be noted that at

input S/N = -.10 uB, missed synchronizations can occur because of the

oscillation of the correlation peak. However Figure 12 shows that

there would be no interference with other users unless the S/,• for

that user becomes very poor. The iroper use of front-enu limiters

may preclude this last possibility from happening.

3. Ninimum Frequency Separation

The obvious question at this point is how little frequency

separation is tolerable? It has been estimated that, as long as tiw

fr-:4uency separation is larger than one .over the sequence length, there

will be no interaction for like coded sequences. The pseudo-noise

modulation rate determines the bandwidth and, for frequency ].oij or

frequency aivision concepts, is us,•ally chosen as the minimuni separation.

'herefore, for the 31 chip ni-sequence used in, the experimentation, onie

would expect an interaction between the correlator and an offset

30
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sequence over a bandwidth of 600 khz since the sequence is 3.1 usec in

length. Indeed, this was found to be true. Shifting the frequency of

the ,enerated sequerce about the 70 hHz resonant frequency of the surface

wave buatchcd filtex, unity correlation peak-to-sidelobe ratio was obtaine(

at points approximately +300 khz. That is, one could not distinguish

a correlation peak in the matched filter's response. At this joint the

like coded sequence, at a frequency of 70 Mhz, was added, anu the combina-

tion was fed to the matched filter. There was, no uegradation in the

correlation peak-to-sidelobe ratio. Using essentially iuentical surface

wave devices, Carr et. al. 7 also found peak-to-sidelobe ratios of less

than 1 dB at points +300 kliz.

For offset frequencies beyond 300 kliz, there was no correlation

peak discernable and the response of the correlator was noiselike with

peaks occuring at a various p(!Ations. When this frequency offset

sequence was combined with its like cuUC,' sequence of 70 NHz and then

correlated by the 70 141z matched filter, 't was found that the peak to

noise ratio was less than the correlation peak to maximum side.lobe ratio

for the 70 ',Hz sequence only. For offset frequencies beyond -5 Miz and

+3 M•7 the S/N ratio became equal to the correlation peak to maximuma side-

lobe ratio. The frequency offset sequence cuuld be assumed to be another

user in the same time slot generating a preamble sequence.

In an actual system, however, no two addresses would be the sanme.

To study the above situation in a more realistic manner, the inverse

sequence was used, and its frequency was shifted relative to the resonant
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frequency of the matched filter. The results were the same. That is,

the peak-to-noise ratic3 improved to become equal to the peak-to-sidelobe

ratio outsiae of the oiftecs -5 MIz. and +3 MHz.

Since t ie PN modulation rate was 10 N•z, the above results would

indicate that a frequency separation of one half the PN rate is sufficient

to prevent system self-jamning. or user mutual interference, however, it

must Ue noted that to reduce the insertion loss of the devices, both

input aiid output transducers were inductively matched. This resulted in

a reduction of the bandwidth of each device. Thus, less than a 10 MHzIi bandwiath was being used. As shown by Figure 13, the responses are no

longer a nice sin2 X/X2 allowing for a smaller frequency separation. It

would be safe to say therefore that the frequency separation should

indeed be equal to the instantaneous bandwidth.

• . Conclusions

It nas been experimentally shown that the addition of frequency

uivision to pseudo-noise provides an effective means for reducing both

user mutual interference (i.e.., near-far) and outside intereference for a

direct or non-satellite mode multiple access system. When the frequency

aivision takes the form of pseudo-random frequency hopping, an additional

amount of resistance can be added.

The reduction of system self-interference results in adequate

performance of the synchronization preamble concept. In addition, the

use of bi-phase, iseudo-noise-modulation, for the preamble provided

successful performance. In fact, the combination of bi-phase sequences

anu matched filters may even be successful for data modulation/demodula-

tion techniques.
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The performance of the acoustic surface wave multiple tap delay

line as sequ-,ace generator and m~atched filter provides great encouragelh.ent

when one becomes concerned with implementation of the waveforms. Tne

technology has been developed to the point where imple-mentation of the

preamble can u.e simply accomplished at very low cost. The experiments

conducted for this report utilized fixed frequency, fixed code surface

wave (e.avices. however, a study at RADJL resulted in a technique to

provide the required phase colierent frequency hopping as well as the

capability to randomly switch the coding structure of the preamble. 9

This technique is currently being denionstrated. 1 0 ' 1 1  Although the

technique will nkt be described here it is suffice to say that the

combination of solid state switches and acoustic surface have uevices

.allows a simple straightforward implementation.

V UiE GROUNDU CONTROL TERNiINAL IN A NLT CONCLPT

The use of frequency division or frequency nopping provides adequate

user separability as well as anti-jam synchronization procedures. Time

division or time hopping provides increased orthogonality as well as

strong system government. The hybrid FH/PN/Th, tiien, is quito a

desirable waveform.

f This type of waveform conveniently leads to a 'net" concept for a

direct (non-satellite) mode multiple access system. A net comprises

V a particular frequency hopping pattern, and only one user in a given

net is transmitting. A net concept is illustrated in Figure 14. The

receiver being addressed auto-correlates the transmitted synch preamble

which provides the synchronization for the uata demodulation. At all
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otner receivers in the net, the synch sequence transmitted is cross-

correlated. As shown previously, this process should not effect a

threshold crossing to establish an erroneous synch.

The situation is not as simple for the gruund control terminal which

•wiay be within several -ets. This terminal may receive simultaneous

queries from the different nets. iiowever, the system government

would require that in each time slot, each net will be at a different

frequency, separated by the proper amount as discussed above. Figure

10 showed that surface wave matched filters are capable of separating

the same sequence at different frequencies. Thus, it will not be

necessary to require that the ground control terminal contain a

receiver for each of its nets. A single set of acoustic surface

wave Matched filters and a switching matrix can provide the sknch

function to all nets by parallel processing. This is shown conceptually

in Figure 1. The frequency hop synthesizer or some such control unit

connects the nets to the proper matched filter through the switching

matrix. The synch outputs can then be used to turn on the demodulator

for the net that aas established the synch. Although not presently

available, data modulation/demodulation techniques with surface wave

matchea filters are being studied and way allow a single set to perform

all signal processing functions. Such an approach to implementation of

the waveform is required.
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